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John D.Crouse'
RELATIONSHIP OF SELECTED BEEF CARCASS TRAITS WITH MEAT PALATABILITY
Summary
Relationships among selected car-
cass traits and cooked meat palatability
were studiedon 240 carcasses obtained
from steers of differentbiological types
produced under a wide range of feeding
regimens.Breed type of steer or feeding
regimenhad littleor no effecton correla-
tions among taste panel (TP) scores for
tenderness,juiciness, flavor,and general
acceptability.Treatments also had little
IJohn D. Crouse is a meatscientistat
MARC. .
effect on correlations of conformation,
leancolor, leantexture,and final maturity
with TP observations. Late maturing
breeds of steers and steers fed on low
energyregimenswere ratedmoreyouth-
ful than early maturing breeds of steers
and steers fed on high energy regimens.
Marbling, percentage of longissimus
muscle (LM) fat, quality grade, and ad-
justed fat thickness independently
accountedfor 2 to 3% of the variation in
TP tenderness and 6 to 8% of the varia-
tionin TP acceptability.
Introduction
TheUSDAhasrecentlyimplemented
three major changes in standardsfor
qualitygrading carcass beef (USDA,
1976).First,conformationwaseliminated
in determiningfinalqualitygrades(QG).
Second, marblingrequirementsfor the
Good grade were narrowedto include
onlycarcasseswith a slightamountof
marbling.Third, minimummarblingre-
quirementsfor an A maturitycarcassin
Continuedon nextpage.
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hindquarter.Therefore,actualK and P fat
could be determined and errors due to
estimationwouldbe removed.Equation5
and 13 accountedfor 86.1 and 79.1% of
the variation in percentage of retail pro-
ducton an overallbreeds of sire andon a
pooled within breeds of sire subclass
basis.
Equations 6 and 14 (involving ad-
justed fat thickness (FT), estimatedper-
centage of K and P fat, marblingscore,
andpercentageof ribfat trim)were notas
accurateor reliableas equations5 and 13
in which partialcutout of the round was
used. However, equation 6 did account
for80.2%ofthevariationinpercentageof
retail product, and observations were
obtained with rapidity and minimal re-
sources requiringless labor.
Ether extractof the 9-10-11th rib, in
additiontoadjustedFT, longissimusarea
(LA),andpercentageof K andP fat,was
used in equations 7 and 15 and
accountedfor 85.5%of thevariationin
percentageof retail product over all
breedsof sire.Equation7 was a signifi-
cantimprovementover equation1, in-
creasingtheR2 by 10.1% andreducing
thestandarderrorby23.8%.
Equations8 and16 (involvinginde-
pendentvariables:adjustedFT, actual
percentageofK andP fat,percentageof
roundretailproduct,and percentageof
etherextractof the 9-10-11thrib) pro-
videdthe best fit. The two equations
accountedfor 89.5 and 84.0% of the
variationin percentageof retailproduct
overalland pooledwithin-breedof sire
subclasses,respectively.Standarderrors
oftherespectivequationswere1.44and
1.40%.Equation8 shouldprovidea use-
ful alternativeto complete carcass cutout
for determining retail product where a
small error in estimationcan be tolerated.
The results of this study indicatethat
adequate alternatives exist to complete
carcass cutout to obtain retail product.
The accuracy and reliability of these
alternativesare related to the amount of
timeand resources providedfor laborand
instrumentationrequiredto makecarcass
observations. However, estimates
adequate for many purposes, namely,
group averages involvinga large number
of observations, can be made with mini-
mal input.The level of precision required
of an experimentin which retailproductis
to be observed can be predetermined.
Experimental design and a method of
makingthisobservationwith minimumin-
putsat the required level of precisioncan
be selected.
'Scoredsmall- = IO.smalio= 11,small+ = 12.etcetera.
2Percentageretailproductoftheround.
3Regressionequationswerecomputedoverallbreedofsiresubclasses.
'Regressionequationswerebasedonapooledwithinbreedsof siresubclasssumsofsquaresandcrossproductsmatrix.
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Table 1.-Regression equations for predicting percentage of retail product
Partialregressioncoefficients
K&P Actual Rib Rib
Equation Subclass Inter- Adj. LongissimusK&P Carcass Marbling K&P Trimmed Round fat ether
number basis N SE R2 cept FT area fat weight score1 fat round RP trim extract
(in) (in2) (%) (Ib) (%) (%) (%2j (%) (%)
L ______Overall3___ 1121 2.23 0.754 74.9 -17.8 0.55 -1.47 0 0 0 0 0 0 0
2_______ _____nm 1121 2.18 .765 75.6 - 16.1 .86 - 1.42 - .008
3_______________00 1121 2.11 .78076.1- 16.5 .56 -1.23 ... -.234
400_________m___ 1121 2.05 .79277.0-14.7 .89 -1.17 -.009 -.240
5_____._ __m_____ 1121 1.68 .861 1.9 -8.2 ... ... ... ... -.78 .89 .70
6_m________m__ 1121 2.00 .80285.1 -9.3 ... -1.15 ... -.219 ... ... ... -.403
7_______ __._00__00 334 1.70 .85587.0 -8.0 .33 -.70 ... ... ... ... .., ... -.399
8___0000__________ 334 1.44 .89537.4 -5.7 ... ... '" ... -.911 ... .65 ... -.296
9.n____Within4____ 1121 2.08 .65575.8- 17.2 .36 -1.18
10_______mnm__ 1121 2.02 .67377.2-14.6 .67 -1.06 - .010
11.._______________1121 1.99 .68776.8- 16.1 .42 -1.07 ... -.215
12____m___mm_ 1121 1.92 .70578.3-13.5 .72 -.95 -.010 -.215
13____00_00_00____1121 1.61 .79134.2-14.0 ... ... ... '" -1.20 .53 .44
14__________mm 1121 1.84 .73083.3 -9.4 ... -.85 ... -.186 ... ... ... -.363
15__00___ __________ 334 1.65 .78186.2 -8.5 .34 -.68 ... ... ... ... ... ... -.377
16_____00 ____00____ 334 1.40 .84035.3 -5.6 ... ... ... ... -.85 ... .66 ... -.269
Table1.-Simplecorrelationsamongselectedcarcasstraitsandpalata-
bilitytraits
Trait
no. Trait 8
Traitnumber
2 3 4 5 6 7
thePrime,Choice,Good,andStandard
gradenolongerincreaseswithincreasing
maturity.Thesechangesweretheresult
of researchthathasshownthat maturity,
withinyouthfulcarcasses, and conforma-
tion have littlerelationshipto palatability.
Low positive correlations between
marblingscore or LM lipidcontentwithTP
acceptability scores have been reported
for steaks from youthful carcasses. Re-
sults from a number of studies have indi-
cated significant relationships between
maturityand TP palatabilitycharacteris.
tics when evaluated over a range of
youthful to maturecarcasses. Berry et al.
(1974) observed significant correlations
between TP palatability scores and
maturity when evaluated over the full
range of maturitygroups. However, these
correlationswere observed to be low and
nonsignificantwhen.evaluated within the
A maturitygroup.
Because more than97% of the "fed"
beef is within A maturity, the effect of
maturitywithinA maturityon palatabilityof
steak and roastmeatis of most interest.In
most previous studies, carcasses from
animals with relatively similar growth
rates and fatteningcharacteristicstypical
of domestic beef breeds finished on
mediumto highenergydensitydiets have
been sampled to determinethe efficiency
of carcass criteriain estimatingpalatabil-
ity. In the present study, relationships of
carcass quality indicating criteria with
palatability and how these relationships
were affectedby breed groups and nutri.
Table 2.-Regression equations
for tastepaneltendernessand
acceptability
tional environment were examined.
Observationsweremadeon carcasses
obtainedfromsteersthatvariedgreatlyin
growthandfatteningcharacteristicsand
producedundera widerangeof feeding
regimens.
Experimental Design
.' The experimentaldesignensured
variationin carcass traitssuch as maturity
(withinthe A maturityclassification)and
carcass composition with relatively low
covarianceamongthesetraits.This varia-
tionallowedan evaluationof independent
as well as multiple effects of maturity,
marbling,and other traits on palatability.
Carcasses from 120 large, late maturing
(Chianina, Charolais, Brown Swiss, and
Limousin crosses) and 120 small, early
maturing(Hereford,Angus, and Red Poll
crosses) steers were evaluated. At
approximately250 days of age, steers
were assigned to one of five feedingreg-
imens rangingfrom pasturefeedingto an
80% concentrate diet. Serial slaughter
techniqueswere used. Steers were killed
at about90 and 105%of the approximate
matureweights for females of these bio-
logicaltypes (small: 1,050Ib; large: 1,200
Ib). An additional slaughter group was
slaughteredatthe beginningof thehigher
concentratefeeding periods in regimens
A, B, and D.
All steers were slaughtered by a
commercial packer. Carcasses were e-
valuated and quality graded by USDA
standardsaftera 24-hrchill at2°F.
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Correlations
Correlations among selected car.
cass traitsare presentedin Table 1. Pre.
liminaryanalysesindicatethatbreedtYPE
ofsteerandfeedingregimenhadnoeffec
on magnitudeof correlations. The vel)
lowcorrelationbetweenfinalmaturityanc
TP traits in these A maturitycarcasse~
agrees with previous research and sup.
ports recent modificationsof maturityir
theUSDA gradestandards.
Carcass traits most highly associ.
ated with taste panel traits were mea.
suresoffatness.A lowpositivecorrelatior
betweenmarblingand TP traitswas alsc
observed; however, the amount 01
variabilityinTP tendernessaccountedfOI
by marbling(3%) was low. Interestingly,
fat thickness (FT) was as highly corre.
lated to TP traits as measures of marbling.
This relationship was not appreciabl~
affected by treatment subclass means.
The covariancebetweenmarblingand Fl
(r = 0.58) would partly account for the
relationof FT to TP traits.Partial correla-
tions between FT and TP items holding
marblingconstant (Table2) were low bu1
realforTP flavorandacceptability.Partial
correlations between marbling and TP
items holding FT constant were lower
than the former correlations. These
observations indicate that FT and mar-
blingwouldbe of similarvalue in estimat-
ing TP panel evaluationsof organoleptic
traits.
Holding maturityconstant had little
effect on correlations between marbling
and TP traits.However,variationin mar-
bling appears to be slightly less associ-
atedwithTP traitsat a constant time on
feedthanwhen timeon feed is allowedto
varywithinsubclass treatments.
SimpleregressionsofTP tenderness
and TP acceptabilityon marblingand fat
thicknessare shown in Table 2. Regres-
sion curves of TP traitson carcass traits
were flat. A change of 300 in marbling
(scored 0 = devoid to 30 = very abun-
dant) was required to make a one-unit
increase in TP tenderness values. Fat
thicknesswas requiredto increaseby1 in
to makea similarchange. Marbling, aG,
and FT independentlyaccountedfor 2 to
Table 3.-Frequencydistributionoftastepaneltendernessscores
Marbling
score
Number
of
samples
P devoid___ __ __ ___ __ _ __ ____ 17
Traces 47
Slight.. _ ____ __ __ __ __ ___ __ __ 83
Small. __ __ __ _ _ __ __ __ __ _ __ __ 54
Modest __ _ __ __ __ _ _ __ __ _ __ __ 26
Moderate __ __ _ __ _ _ __ __ _ _ _ __ 8
"" S abundant. ____ __ __ ___ __ 5
Number/score ___ ____ _ ______
1 Final maturity__ _ _ _ __ __ _ __ --- 0.25 0.26 0.22 0.02 - 0.07 0.08 0.04 0.04
2 Marbling _ __ __ ____ ___ _ __ _ --- --- .96 .66 .22 .24 .32 .33 .15
3 Quality grade _______ _____ --- --- _n .66 .22 .24 .33 .34 .14
4 Fat thickness __ __________ n_ --- --- -.- .27 .29 .38 .38 .12
5 Tastepaneltenderness___' --. --- --- --- _n .32 .55 .78 - .63
6 Tastepaneljuiciness__ __ _ --- _n --- _n _n -.- .64 .66 .05
7 Taste panel flavor _____ __ _ .-- --- --- n_ --- _n _n .84 .23
8 Tastepanelacceptability__ --- _n --- --- -.. _n --- _n .39
9 Warner-Bratzlershear____
Carcasstraits
andcoefficients
Fat
Dependent Inter- Marb- thick-
variable R2 SE capt ling ness
TP tender- 0.03 0.75 4.60 0.033
ness .03 .75 4.75 .039
TP accept- .06 .51 4.68 .036
ability .08 .50 4.65 .042
Tastepaneltendemesscores
3 orgreater 4 orgreater 5 orgreater 6 orgreater
NO. "/0 NO. "/0 NO. "'/0 NO. "/0
17 100 13 76 6 35 1 6
46 98 37 79 20 43 4 9
83 100 72 87 41 49 4 5
53 98 50 93 27 50 4 7
26 100 26 100 19 73 1 4
8 100 7 88 5 63 2 25
5 100 5 100 4 80 0 0
28 88 106 16
Continuedatbottomofnextpage.
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METHANE AND PROTEIN FROM BEEF CATILE MANURE
Andrew G. Hashimoto,1 Yud-Ren Chen, Vincent H. Varel, and Ronald L. Prior
Introduction conditionsprevailin manynatu~alen-
. vironmentsrangingfrompondsediments
Dwindlingsuppliesof conventlo~al to the gastrointestinaltractof animals.
fossil fuelshavepromptedrenewedIn- Use of the methanogenicprocess for
terestin recoveringenergy~hrough.the generatingenergyfromorganicresidues
bioconversionofwasteorganicmatenals. requiresanunderstandingofthemecha-
Thelargequantitiesof manureproduced nismsinvolvedandthe.factorsaffecting
inconfinementfeedlotsandtheneedto thesemechanisms.
managethis manureeffectively.make BIODEGRADABiliTY. Because
feedlotsa logicalchoiceforassessingthe anaerobicfermentationis a biological
feasibilityofrecoveri~gmethane~ndpro- process,thebiodegradabilityofthemate-
teinthroughanaerobicfermentation. rialbeingfermentedaffectsthe product
Researchat MA.RCis designed~o yield.Wefoundthattheroug.hageconte~t
determinethe technicaland economic ofcattlerationsaffectstheblodegradabll-
feasibilityofrecoveringmethaneandpro- ityofthemanure.
teinfrombeefcattlemanure. Manurefromcattlefed a rationof
Sepcificobjectivesar~to: .. . 91%cornsilageand40%cornsilagepro-
(1) Developdesigncntenafor Optl- duced80% and 60%, respectively,the
mumproductionofmetha~eand amountofmethaneproducedbymanure
proteinthroughanaerobicfer- fromcattlefed7%cornsilage.We have
mentationofbeefcattlemanure, alsoshownthattheageof manureand
(2) Developefficientmethodstore- amountof such foreignmaterialas dirt
coverhighproteinbiomassfrom and beddingcan reducethe methane
thefermentedres~~ue, yieldby 30to 50%.Thus,we estimated
(3) Evaluatethenutntlonalvalueof thatthe maximumamountof methane
thebiomassasa livestockfeed, thatcanbeproducedfromfreshmanure
(4) Determinethecapitalandoper- fromfinishingcattleis 5.5ft of methane/
ationalcostsandener~y,man- poundof organicmatter.Old manureor
power,andsafetyreqUl.rementsmanurefromcattlefedhighroughagera-
for methanefermentationsys- tionswouldproduceaboutone-halfto
tems associatedwith livestock two-thirdsthisamount.
operations. . .
Thisprojectwas initiatedin 1976andIS Methane ProductionRate
jointlyfundedbytheU.S. Departmentof
Agriculture,AgriculturalResearchSer-
vice andtheU.S.Departmentof Energy
thro~ghtheSolarEnergyResearchInsti-
tute.
AnaerobicFermentation
MICROBIOLOGY. Anaerobic fer-
mentationis a biologicalprocess in which
organic matterdecomposes without ox-
ygen toyield methane.The phenomenon
occursnaturallywhenorganicmaterialre-
mains without oxygen under conditions
amenable to microbial processes. Such
1Andrew G. Hashimoto is a research lead-
er (AgriculturalEngineering)at MARC.
Althoughour researchon biodegrad-
ability shows the maximum amount of
methanethatcan be producedfromcattle
manure, it is not practical to extract th~
maximum amount because of the long
fermentationtime and larger fermentor
volumerequired.Thus, it is importantfor
researchers to predict the methane pro-
ductionrate under different fermentation
conditions.We have developed an equa-
tionthatpredictsthe methaneproduction
rate(incubicfeetof methane/cubicfeetof
fermentor/day)based on the biodegrad-
abilityandconcentrationof manurebeing
fermented,thefermentationtime,and two
kineticparameters. Using this equation,
we found that the highest methane pro-
ductionrateoccurrs at 60°C. Rates at30,
35, 40, 45, 50, 55, and 65° were 42, 52,
64,78, 92, 89, and 52% of the rateat 60°.
We also foundthatmethaneproductionis
inhibitedwhen manure concentrationex-
ceeds 5 Ib of organic matter/cubic feet.
Thus, to achieve high methane produc-
tion rates, while maintaining stable fer-
mentation,we recommend operatingfer-
mentorsbetween50 to 55°,manure load-
ingrateof 1 Ibof organic matter/cubicfeet
of fermentor/day,and retentiontime of 5
days.
EnergyRequirement
Our studies have shown thatthe ma-
jor energy requirementfor operating fer-
mentors between 50 to 55° C was for
heating the fermentor. About 37% of the
energy produced by the system was
needed for heating. This amount was re-
duced to 20% when half of the effluent
heat was recovered to help heat the
manureentering the fermentor.The next
main energy user was for mixing the
manure and fermentor contents. Mixing
amountedto 7% of the total energy pro-
duction when the mixers were run con-
tinously. Mixing energy can be reduced
substantially when intermittentmixing is
used. Continuous mixing produces, at
most,only a 10% highermethaneproduc-
tion ratethan mixing2 hr/day. Energy re-
quiredto pumpthe manure intoandout of
the fermentoraccounted for about 4% of
thetotalenergyproduced.Thus, theener-
gy required to operate the fermentation
systems accounts for about 30 to 50% of
theenergyproduced.
FeedingFermentorEffluent
Usingthe fermentoreffluentas a
feedingredientfor livestockappearsto
havemerit,althoughsometechnical
Continuedatbottomof nextpage.
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3%ofthevariationinTP tendernessand6
to8% of thevariationinTP acceptability.
FrequencyDistributions
Table 3 givesfrequencydistribtuions
ofTP tendernessscores andacceptability
scores for each marblingscore. The per-
centageof samples withor above a given
level of desirability for each marbling
42
score is shown. At a level of TP satisfac-
tion for tenderness of three or over, the
probabilityof attainingthis level of satis-
factionwould be 100% at the practically
devoid level of marbling. However, the
probabilityof attaining a higher level of
satisfaction,say 5, would only be 35% at
thepracticallydevoidlevelof marbling.To
attaina TP tenderness score of four or
greater with an 87% probability, slight
amounts of marbling would have been
required.
In the present study, the relationship
existed between carcass quality, indicat-
ing criteria and TP traits were very low.
For example,marblingaccounted foronly
6% of the variation in TP acceptability,
anda thirtyfoldincrease in marblingwould
be required to yield a one-unit change in
TP responses.
